Late in 1991, an enveloped RNA virus (now called porcine reproductive and respiratory syndrome [PRRS] virus) was identified as the etiologic agent for mystery swine disease. In 1992, laboratory procedures for the diagnosis of this disease evolved rapidly, and veterinary diagnosticians started applying these tests to field cases. This report is written from the perspective of veterinary laboratory diagnosticians and utilizes 3 case studies to define the advantages and disadvantages of the various available diagnostic laboratory PRRS test procedures in different clinical situations. The diagnostic procedures currently used in our laboratory for investigating PRRS are pathologic examination, serologic testing, fluorescent antibody (FA) testing, and virus isolation. Interstitial pneumonia, characterized by mononuclear cell infiltration of alveolar walls with normal airway epithelium, is a hallmark lesion for the disease, especially in neonatal pigs with respiratory distress. Interstitial pneumonia is not a specific lesion and must be coupled with other tests to verify PRRS virus infection. Demonstration of seroconversion is helpful, especially in sows that have experienced reproductive failure. The indirect FA test detects antibody sooner than the serum neutralization test and will likely become the serologic test of choice. The direct FA test on fresh tissue utilizes monoclonal antibody and is useful for investigating PRRS virus-associated pneumonia. Virus isolation utilizing swine alveolar macrophages has also been a useful diagnostic procedure. All of the above tests have been universally unrewarding when applied to aborted, mummified, or stillborn piglets.
In 1988, swine producers in the service area of the South Dakota Animal Disease Research and Diagnostic Laboratory (SD-ADRDL) began experiencing reproductive failure in their swine herds. Some herds also showed respiratory signs as part of the syndrome, including an unusual form of respiratory distress in neonatal pigs that came to be called "thumping." Because the cause of the reproductive and respiratory syndrome could not be determined by diagnostic laboratories at that time, the syndrome was termed "mystery swine disease." Veterinary diagnosticians searched diligently for an explanation for the new disease. These efforts included investigating the possible role of mycotoxins, investigating possible new manifestations of some known diseases, and searching for a new previously unidentified pathogen. 1, 3, 5, 6, 15 In 1991, a virus was isolated from sick swine by a team of researchers from South Dakota State University, the University of Minnesota, and Boehringer Ingelheim Animal Health. 2, 4 The virus was initially named SIRS (swine infertility and respiratory syndrome) virus, but in May of 1992, participants at the International Symposium on SIRS in Minneapolis,.
Minnesota, chose to name the disease the porcine reproductive and respiratory syndrome (PRRS), and since then the agent has been referred to as the PRRS virus. Experimental reproduction of the disease by inoculation of the virus and isolation of the virus from swine herds that have previously experienced PRRS confirms the involvement of the PRRS virus. 4, 13 Since the isolation of the North American PRRS virus, diagnostic procedures have evolved rapidly. These procedures are employed on routine submissions to confirm or deny involvement of the PRRS virus in various swine herd problems. The purpose of this report is to describe examples of laboratory investigations of PRRS virus infection in three swine herds. Highlighted in these examples are various clinical and pathologic findings and the various diagnostic techniques used to confirm PRRS virus infection in the herds.
Materials and methods
Standard diagnostic protocol. The herd problems described are based upon submissions of routine diagnostic cases to the SD-ADRDL. The herds were located in South Dakota, Iowa, and Minnesota. Problems on all farms began in fall or winter of 1991 and continued into 1992. All cases submitted to the SD-ADRDL are processed by pathologytrained veterinary diagnosticians, and those diagnostic tests done are based on the clinical history and necropsy findings. Routine test methods (bacteriologic, virologic, histopatho-logic) employed to detect common diseases are comparable to those used by other diagnostic laboratories and will not be detailed here. However, test methods to detect PRRS virus are detailed in the following 3 subsections.
Serology. Virus neutralization (VN) methods have been described previously. 2 Serum indirect fluorescent antibody (FA) methods are comparable to those previously reported. 14 Virus isolation procedures for PRRS virus. Cell harvest methods are similar to a procedure described previously, with some modifications. 12 Swine alveolar macrophages (SAM) were obtained from conventionally raised 3-9-wkold pigs. The lungs were excised and washed 3-4 times with phosphate-buffered saline (PBS), pH 7.2. Cells were centrifuged for 10 min at 800 x g at 5 C. Supernatant fluid was decanted, and cells were washed in PBS and repelleted 2 times. Cells were resuspended in Roswell Park Memorial Institute (RPMI)-1640 medium supplemented with 10% irradiated fetal bovine serum (FBS) and appropriate levels of antibiotics. Macrophages were seeded at a rate of 10 6 cells/ ml to 12. or 24. well plates and allowed to adhere for 2 h. Nonadherent cells were decanted, and wells were refilled with 10% FBS and RPMI medium. If SAMs could not be used the same day, they were frozen and stored in liquid nitrogen for later use.
Virus isolation sample preparation consisted of homogenization of lung tissues prepared in Hanks' balanced salt solution supplemented with antibiotics. Supernatant fluids were obtained after centrifugation at 1,100 x g at 5 C. Samples were held at -70 C until inoculation. Inoculation was at 2 or 72 h postseeding; 72 hr was preferred. 8 Infection was confirmed by direct FA tests on macrophages removed (scraped) from the wells, air-dried on glass slides, fixed in acetone, and reacted with monoclonal antibody conjugate. 10 Fluorescent antibody test on tissue for PRRS virus. Standard direct FA procedures on tissue were done utilizing cryostat tissue sections and monoclonal antibody conjugate. 1o Case histories and lab results Herd 1. This 120-sow farrow-to-finish swine herd is located in South Dakota. In mid-December 1991, the farm experienced a moderate morbidity (35%) and low mortality (1%) respiratory syndrome in growing and finishing pigs. Antibiotic therapy did not seem to alter the course of the syndrome, which slowly resolved in a couple of weeks. No laboratory testing was done at that time.
In mid-January 1992, a high-incidence reproductive failure syndrome affected pregnant female swine and continued through the end of March. The syndrome included some or all of the following in most of the sows or gilts farrowing during this period: (1) 2-3 days of sow/gilt anorexia; (2) premature far-rowing (about 1 week early); (3) large numbers of stillborn pigs per litter; (4) increased mummies per litter; (5) weak, sometimes "thumping," live-born piglets; and (6) the death of some weak piglets with full stomachs within the first 24 hours of life. For a group of 31 sows/gilts during the midst of the reproductive failure, the av-erage litter contained 7.2 live-born piglets, 2.7 stillborn piglets, and 1.1 mummies, and an additional 1.3 piglets died in the first 24 h. Five stillborn piglets (2 separate submissions) were forwarded to the SD-ADRDL and tested for common causes of porcine abortion. All tests were negative, and there were no significant gross or histopathologic lesions. In addition, fresh lungs from all piglets were examined by the FA test for PRRS virus and were negative. There were no viruses initially isolated. Paired serum samples were drawn from 4 sows on 1/14/92 and 1/28/92 and tested by the VN test for PRRS virus antibody. The samples were negative for antibody to PRRS virus (all 8 samples < 1:4). Farrowing house and gestation rations were analyzed for 26 common mycotoxins, and none were detected.
The reproductive problem continued in the next group of sows/gilts, which far-rowed in February 1992, warranting an additional submission of 10 neonatal live and stillborn piglets with placenta. None of the live pigs were "thumping," but two had gross evidence of mild pneumonia. Microscopic examination revealed interstitial pneumonia in both pigs and secondary suppurative bronchopneumonia in one. These 2 pig lungs were FA suspect for PRRS virus, but no virus was isolated by methods used at that time. Retrospectively, PRRS virus was isolated from the lungs of the 2 neonatal pigs with interstitial pneumonia, utilizing SAM cultures.
Blood from 30 additional sows/gilts that previously experienced reproductive failure in December and January 1991 was checked for PRRS virus titers by the VN test. All 30 sows had antibody titers to PRRS virus (1 at 1:64, 3 at 1:32, 7 at 1:16, 14 at 18, 5 at 1:4).
In April 1992, sows/gilts began having normal litters again.
Herd 1. This 2,800-sow farrow-to-finish swine herd is located in Iowa. In early fall 1991, the herd experienced small litter sizes (average 7 or 8), increased numbers of mummies, and live-born small, weak pigs. Abortions were not a prominent part of this syndrome. Elevated parvovirus antibody titers were demonstrated by another laboratory, and parvovirus infection was assumed to be the cause of the problems. Also, the ration was modified in December 1991 and the reproductive syndrome resolved.
In October 1991, a high-morbidity low-mortality respiratory syndrome affected approximately 2,000 hogs in the grower/finisher units. Swine influenza virus infection was suspected clinically but not confirmed by laboratory testing.
In January 1992, another respiratory disease epizootic occurred in the grower/finisher hogs (about 2,000 hogs). The morbidity was estimated at 100% and the mortality at 5% for this epizootic. Laboratory-con- firmed diagnoses at that time included salmonellosis and pneumonias due to Actinobacillus pleuropneurkoniae and Pasteurella multocida. This respiratory disease epizootic appeared to move into the nursery and neonatal pigs. About 8% of the neonatal pigs were "thumping."
The respiratory problems continued into April, resulting in 3 separate submissions to the SD-ADRDL. The first submission included 2 recently weaned 4-week-old pigs with diarrhea, coughing, and sneezing. The pigs were checked for pulmonary swine influenza virus and Mycoplasma hyopneumoniae and other bacterial infections. There were no significant lesions in the lungs, and no pathogens were identified. Mild rhinitis was identified. The lungs were not checked for PRRS virus. The cause of diarrhea was not determined.
The second submission consisted of 2 12-week-old pigs with gross evidence of severe pneumonia with pleuritis. Salmonella sp. was isolated from the lungs of both pigs, and Actinobacillus pleuropneumoniae was isolated from 1 pig. Examination of lungs for PRRS virus was negative by both FA and virus isolation procedures.
The third submission consisted of tissues from 2 6-day-old "thumping" piglets. Microscopic examina- tion revealed moderate diffuse interstitial pneumonia ( Fig. 1) . Alveolar walls were thickened by infiltration of mononuclear cells, mainly macrophages and lymphocytes ( Fig. 2 ). There was no significant damage to the airway lining epithelium. In addition, 1 pig had mild purulent exudation in alveolar spaces of some lung lobules. The FA test on fresh lung tissue was positive for PRRS virus infection. Initial virus isolation attempts were negative. Actinomyces pyogenes was isolated from the lung of the pig with the mild purulent exudate.
In June 1992, a. fourth submission consisting of 2 40-lb (18 kg) hogs with serum was sent to our laboratory. Both hogs had swine pleuropneumonia (Actinobacilluspleuropneumoniae infection). Testing of fresh lung for PRRS virus was negative by both FA and virus isolation procedures. However, both pigs had VN titers of 1:8 for PRRS virus.
Retrospectively, PRRS virus infection was confirmed by isolation from the lung of the neonatal pigs with interstitial pneumonia, utilizing SAM cultures.
Herd 3. This 120-sow farrow-to-finish swine herd is located in Minnesota. In November 1991, the herd experienced an increased incidence of respiratory problems in nursery pigs. The problem continued in the nursery during the winter then worsening in March and April 1992. By April, the respiratory problem also involved grower, finisher, and farrowing house pigs. Also in March 1992, a vomiting and diarrhea syndrome affecting piglets and sows in the farrowing house occurred. Eight of approximately 60 sows aborted or gave birth to stillborn piglets during this time. Transmissible gastroenteritis virus infection was clinically suspected but not verified by a laboratory.
nia with pleuritis and no significant damage to bronchiolar epithelium (Figs. 5, 6) . Streptococcus suis and Actinomyces pyogenes were recovered from the lungs. The lungs were positive for PRRS virus by both FA testing and virus isolation. Lung of both pigs were FA test negative for swine influenza virus and Mycoplasma hyopneumoniae.
The first submission of specimens from this herd to our laboratory was in April 1992 and consisted of 2 dead grower pigs, 60-80 lb (27-36 kg). One pig had pneumonia and pleuritis caused by Actinobacillus lignieresi. The second pig had bronchointerstitial pneumonia (Fig. 3) , and Mycoplasma hyopneumoniae, Haemophilus parasuis, and Actinomyces pyogenes were recovered from the lungs. Pooled lung samples from these 2 pigs were positive by the FA test and virus isolation for PRRS virus. Necrotizing and regenerative lesions altering bronchiolar epithelium were noted in some areas of lung exhibiting suppuration (Fig. 4) . However, FA testing for swine influenza virus was negative .
Three additional submissions in late April were of pigs ranging from suckling size to large finisher hogs, and all 3 submissions had pneumonic lesions compatible with swine influenza virus infection. Swine influenza virus was demonstrated in lung by the FA test in 2 of these 3 submissions (suckling and large finisher hogs). Several lung specimens were negative for PRRS virus by the FA procedure and virus isolation. Tissue samples from a total of 7 pigs comprised these last 3 submissions, and bacteria identified included Pasteurella multocida, Mycoplasma hyopneumoniae, Streptococcus suis, and Haemophilus parasuis.
Discussion
The second submission in April consisted of tissues from 3 dead nursery pigs. Microscopic examination revealed interstitial and bronchointerstitial pneumo-There is now general agreement among veterinary diagnosticians and researchers that the PRRS virus is the cause of "mystery swine disease" (porcine reproductive and respiratory syndrome or swine infertility Figure 5 . Herd 3, nursery pig with typical interstitial pneumonia. Figure 6 . Herd 3, nursery pig with mononuclear cell infiltration HE.
of alveolar walls. HE. and reproductive syndrome). 4, 11, 13 This report describes the results of laboratory diagnostic investigations conducted on specimens from 3 herds with PRRS virus infection. The PRRS virus infections were confirmed by a variety of diagnostic techniques. The clinical and laboratory findings varied from herd to herd, and the exact association of PRRS virus to all of the clinical findings was not clearly defined. For example, in herd 1 a typical "mystery swine disease" reproductive failure syndrome occurred, and subsequently the PRRS virus was demonstrated in the herd serologically in breeding sows and by virus isolation in neonatal piglets. Because of the extensive examinations performed, we feel confident the PRRS virus was involved with the reproductive failures in that herd. However, in herds 2 and 3, the major clinical complaint was an ongoing respiratory problem in pigs of different ages and although PRRS virus was demonstrated in both herds, the exact role of the virus in relation to the various other bacterial and viral infections identified was not clear from our investigations. PRRS virus probably played some role in the respiratory problems on these swine farms. Laboratory confirmation of PRRS virus infection includes some or all of the following procedures: patho-logic examination, serologic testing, FA testing, and virus isolation.
Pathology. Veterinary diagnostic pathologists attempting to define and clarify PRRS over the past several years were frustrated in part by the general lack of significant gross or microscopic lesions in aborted fetuses and stillborn piglets. However, diagnostically important lesions became evident when pigs with the respiratory form of PRRS were examined. Grossly, the lungs of PRRS virus-infected pigs can be normal or heavy and incompletely collapsed as compared with a normal lung. Some ventral lobules may appear dark pink and feel slightly firmer than normal (atelectasis or early exudation). There is no evidence of pleuritis. Other organs appear grossly normal.
Microscopic examination of lung reveals interstitial pneumonia as the hallmark lesion of this disease, which is especially evident in neonatal pigs. 4 The interstitial pneumonia caused by PRRS virus is not unique, but in some field cases the alveolar walls are thickened by mononuclear cells to a marked degree not seen with other common swine diseases. The interstitial pneumonia with PRRS virus somewhat resembles the lesion seen with Salmonella septicemia. However, salmonellosis is easily ruled out by culture and is not a common disease in suckling pigs. Other bacterial and viral infections can result in interstitial pneumonia but are easily ruled out by cultures and complete necropsies. Swine influenza virus infection can also occasionally affect suckling pigs with some interstitial lung lesions, but more notably influenza causes necrosis and hyperplastic regenerative lesions in the airways. Such airway lesions have not been a feature of PRRS virus pneumonia. 4 A compatible interstitial pneumonia must be linked to some virologic procedure to confirm that PRRS virus is involved.
Lesions in some PRRS lungs will also be further complicated by secondary bacterial infections and subsequent suppuration. Because interstitial reaction in the lung can appear in any lung field concurrently with significant suppurative exudate, visualization of a more diffuse interstitial pneumonia may best be appreciated in portions of lung that are not consolidated by exudation. Likewise, the FA test for PRRS virus may not be as sensitive in areas of suppurative and necrotic pneumonia. For these reasons, sections of both consolidated and nonconsolidated lung should be submitted fresh and formalinized for complete diagnostic workups.
Histopathology occasionally reveals mild nonsuppurative inflammation in the brain or heart of PRRS virus-infected pigs. 4 However, the diagnostic importance of these lesions is diminished by lack of specificity and general inconsistency in field cases.
Serology. Herd 1 experienced the classical reproductive failure syndrome that has been described for PRRS, but testing of fetal tissues did not confirm PRRS virus infection. Negative fetal testing has been quite typical for this disease. Only after neonatal pigs with clinical respiratory signs were examined did test results suggest PRRS virus infection. Although the interstitial pneumonia observed in the neonatal pigs was compatible, the lung lesion alone was not specific enough to confirm PRRS virus infection. Confirmation of PRRS in this herd was based initially on the presence of serologic titers to PRRS virus in 100% of a group of 30 sows that had experienced characteristic reproductive failure. Subsequently, the PRRS virus was isolated from the lungs of neonatal pigs with interstitial pneumonia.
The advantages of serology as a diagnostic procedure to detect PRRS virus infection are (1) PRRS is still a relatively new disease and therefore not all herds have been exposed and (2) vaccines are not currently available to confound serologic studies. The appearance of titers in a herd that previously had no titers is evidence of the virus entering the herd. Seroconversion coupled concurrently with the classic clinical history is good evidence that the virus is causing disease.
The disadvantage of serology as a diagnostic tool for PRRS is that titers indicate exposure only and do not verify disease. This fact is increasingly important because serologic surveys are showing that exposure levels are higher than expected relative to the clinical syndrome 7,9 Diagnosing PRRS virus-associated disease based on serology alone is more difficult in herds that have not experienced the classic clinical syndrome.
The indirect FA (IFA) test is becoming the preferred serologic test for PRRS diagnostic purposes. The major advantages of the test are increased sensitivity (able to detect infections at about 14 days postexposure) and the short amount of time needed to complete the procedure. Our laboratory considers an IFA titer of 1:5 or less negative and any titer of 1:20 or more positive and compatible with exposure to PRRS virus. Interpretations may vary somewhat among laboratories and test systems.
FA tissue test. Herd 2 of this report is an example where the initial diagnosis was based on compatible lesions in the lung and a positive FA test on fresh lung tissue. Although interstitial pneumonia is not a unique lesion, its presence in pigs with respiratory distress and no other ready explanation warrants further investigation for PRRS virus infection. This is especially true if the farm is experiencing reproductive failure along with respiratory disease. The FA test on cryostat sections of fresh lung (except fetal and stillborn lungs) is a useful diagnostic tool, especially in neonatal piglets.
Advantages of the FA tissue test include speed of execution relative to virus isolation and the ability to detect viral antigen in cases where the virus cannot be isolated. Disadvantages of the FA tissue test include a degree of subjectivity and the fact that the confidence level of the FA test can be linked to the amount of antigen present in the tissue (which can be variable).
Virus isolation. In herd 3, the PRRS virus appeared as a copathogen in the lungs of nursery/grower pigs with bacterial pneumonia. Virus was demonstrated in the diseased lungs by FA and virus isolation procedures. This farm was not experiencing the classical reproductive and respiratory syndrome when the first submissions were examined. The primary complaint was increased bacterial respiratory disease, especially involving the nursery unit. Lesions alone in this case would not have been highly suggestive of PRRS virus infection because these lesions were complicated by a wide variety of common bacterial pathogens.
Advantages of virus isolation as a diagnostic procedure for PRRS virus infection include (1) confirmation of infection; (2) detection of infection when characteristic lesions are not present or are obscured by lesions of bacterial infection; and (3) potential detection of carrier animals with no active disease. Disadvantages include (1) the requirement of special ma-terials (cultured and harvested macrophages; specific cell lines); (2) length of time (days) needed to isolate the virus (takes longer than the FA tissue test to complete); and (3) only specific animals or tissues may harbor the virus (e.g., it is easier to isolate PRRS virus from neonatal pigs with pneumonia than to isolate it from fetal pigs).
Conclusion. Field observations suggest that PRRS virus infection can increase the incidence of other common diseases. However, caution should be exercised before blaming PRRS virus for every increased problem on any farm, even if the virus is detected. There is still much to be learned about the epidemiology of this disease. To hold the floodgates for PRRS virology requests, veterinarians investigating nonclassical PRRS should start first with serology to establish if the herd has been exposed to the virus.
When attempting to diagnose PRRS virus infection on farms with the classical clinical reproductive or respiratory syndrome, aborted, mummified, or stillborn pigs are almost universally unrewarding in terms of verifying PRRS. Examination of fetuses is helpful to rule in/out other causes of porcine abortion. Swine herds experiencing reproductive problems and where PRRS is suspected should submit blood samples from the first sows affected for PRRS serology. These recommendations are based on the current advantages of serologic testing noted. Another alternative for rapid and direct confirmation of active disease in the farrowing house is to search the unit for a neonatal pig with respiratory signs ("thumping"). Farms with PRRSassociated reproductive problems will also generally experience the respiratory component of this disease in neonatal pigs. Submission of fresh and formalinized lung, brain, heart, spleen, and tonsil for histopathology, FA tissue testing, and virus isolation procedures from these neonatal pigs often allows for confirmation of PRRS virus infection.
Much additional information about PRRS virus infection is being generated. Future information regarding the role of this virus in mixed infections (viral or bacterial) will be enlightening to practicing veterinarians and laboratory diagnosticians.
